Abstract: This paper discusses the results of a study of the Le Chouet section, its lithologies, facies, magnetic properties and fossil record (ammonites, calcareous nannofossils, calpionellids and calcareous dinoflagellates). Data obtained have been applied to give a precise biostratigraphy for this carbonate sequence as well as a paleoenvironmental reconstruction. Its relationship to magnetostratigraphy, based on a modern study of a French site, is important. Investigation of the micro-and macrofossils shows that the site comprises a sedimentary sequence in the Microcanthum to Jacobi ammonite Zones, and the Chitinoidella, Crassicollaria and Calpionella Zones. Several calpionellid and nannofossil bioevents have been recorded on the basis of the distribution of stratigraphically important planktonic organisms. The site allows us to calibrate the levels of various biomarkers and biozonal boundaries, and correlate them with the magnetozones M20n, M19r and M19n.
Introduction
This study results from the decision of the Berriasian Working Group (International Subcommission on Cretaceous Stratigraphy) to better document sequences at and close to the Jurassic/ Cretaceous (J/K) boundary, and it is our intention to publish comparative accounts of the best-developed sections, in line with the multidisciplinary standards exemplified by the studies made by Michalík et al. and Houša et al. Simultaneously, working-group members are re-examining classical localities and new sites to better assess and calibrate useful topmost Tithonian to lowest Berriasian markers and their proxies (Wimbledon et al. 2011) . Significantly, though we commence work on the classical European sites, we are extending detailed study out from this core area to new sites in Africa, Asia and the Americas to better constrain the J/K boundary.
As at the historical stratotype of Berrias fossiliferous units do not extend low enough to reach the putative base for the
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Cretaceous, it is unsuitable for our purposes of stage and biozonal definition. Therefore, a start has been made on examining other localities in southern France -seeking 'templates' for the top Tithonian ("Durangites Zone"), and the Berriasella jacobi and Pseudosubplanites grandis zonal intervals. These included the only locality that had been noted with a relatively common latest Tithonian ammonite assemblage (Boughdiri 1994) , and that is the section described in this work. A first reconnaissance in 2008 located the site, but also revealed the existence of common ammonite faunas overlying the supposed Durangites-bearing levels, and therefore the section was chosen for closer study; and it was then additionally sampled for calpionellids, calcareous nannofossils and, subsequently, magnetostratigraphy. Further work at this productive site on geochemistry, magnetic susceptibility, refinement of results on magnetostratigraphy, calpionellids and ammonites is still in progress and this will form a basis for further publications.
GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 This paper is the first description of the locality, in the Fournet Ravine, 10 km SE of Luc-en-Diois, Drôme; a site straddling the top Tithonian and lowest Berriasian stages. Locally, well-bedded and massively bedded (averaging 0.20-1.00 m) Berriasian limestones form the upper slopes of the steep valley sides. Massive breccias (Remane 1970) in the Tithonian and Berriasian, sometimes tens of metres in thickness, are a dominating element of the landscape, forming inaccessible cliffs in local valleys.
Regionally, the Le Chouet and nearby Drôme sections (see Fig. 1 ) are part of the succession of the Domain vocontien or Basin vocontien (the Fosse Vocontienne or Vocontian trough of many earlier publications). This depositional basin occupies an approximately triangular area, its base extending across Languedoc and Provence, 250 km west to east, with a prolongation northwards to a narrow apex which reaches as far as Lake Geneva. Sedimentation was confined by older basement massifs: in the west by the Cévennes (Massif Central) and Les Maures in the south, with an opening eastwards to the oceanic Tethys. In the Upper Jurassic to lowest Cretaceous transition, it contains a sequence of deeper-water pelagic and hemipelagic sediments, whereas in some areas there were marginal marine or even terrestrial Purbeck facies, including evaporites, notably in the north (Maillard 1884; Détraz & Mojon 1989, etc.) .
The 'trough' thus includes classical areas and sites that have figured in studies of the Late Tithonian-Berriasian (Mazenot 1939; Le Hégarat 1971;  Fig. 1 herein) -sites in the SW in the valley of the Hérault, along the River Ardèche (with the nominal type locality of Berrias), near Privas, including Chomérac, and across the catchments of the Durance, the Drôme and ultimately the River Isère, near to Grenoble. Putatively, the junction between the Tithonian and Berriasian in the western Tethys has been placed in ammonite schemes at the junction of the "Durangites Zone" and the Berriasella jacobi Subzone, despite the absence of any "Durangites" fauna. This has been the case among the classical French localities, many of which show abundant Berriasella jacobi assemblages, albeit often from breccia/ conglomerate horizons, though very few have yielded any "Durangites".
Three previous authors have made significant mention of the Le Chouet site and its environs. Le Hégarat (1971) in his seminal work figured a somewhat stylized section for "Le Chouet" (as he did for other local sites). In that work he showed higher stratigraphic levels than are seen in the roadside section described here, and this seems to indicate another or a composite profile; perhaps involving outcrops further north, in the upper wooded reaches of the Fournet Valley (an area currently being studied). Remane (1970) gave an account of breccia developments in the Tithonian-Berriasian carbonates of the Drôme region, including both Le Chouet and the nearby Charens gorge section (3 km to the SSW). Remane's column for Le Chouet relates well to the section presented here: notably to eight useful marker beds up to his unit 1, breccias and conglomerates, which provide obvious comparable datums. Boughdiri (unpublished 1994) paid particular attention to the middle part of the sequence at Le Chouet, where he identified the Durangites Zone, illustrating several key ammonites, and noting a numbers of species of Durangites between our bed 78 and bed 85 (Fig. 11) . Some of these ammonites were subsequently figured by Enay et al. (1998) . Boughdiri also sampled seventeen levels for calpionellids, fixing the top of subzone A1 at the base of our bed 71 and the base of the Calpionella Zone at the base of bed 100.
Setting and geological description
In Late Jurassic to Late Cretaceous times, alternating periods of marl and limestone deposition characterized the region: however, in most areas during the Tithonian and the Berriasian, limestones were more common than marls: some few nearby Lower Berriasian sites have well-developed marl intervals (e.g. the sites of Saut de la Drôme and Les Combes ( Fig. 1 ; Le Hégarat 1971) ), but Le Chouet is more typical in comprising limestones.
The locality lies in the cliffed upper valley of the River Drôme, in pine forest (Long 5°33'33"E, Lat 44°32'32"N) off the local road (D306) from Die to Valdrôme. It comprises a low mural section, 200 m-long, along a single-track road on the north-west side of a precipitous gorge, the Ravin de Fournet. The section extends around the slope from an altitude of 928 m to a little above 1000 m. The sequence dips 10 degrees GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 at 155. The name for this trackside section previously used in the geological literature is that of the hamlet of Le Chouet (Le Chuot on older maps), which lies about 400 metres to the west of the section. Outcrops at supposed higher stratigraphic levels along the road to Le Chouet are not in stratigraphic continuity with the sequence here described, and tectonic dislocations are apparent between the broken exposures.
The succession exposed totals 43 metres, which includes, topping the section, a 10 m-thick, partly obscured, massive or poorly bedded micrite (bed 123) with 'floating' pebbles (Fig. 11) . The majority of it consists of wellbedded micrite and biomicrite -mudstone, wackestone and packstone. Massive conglomerates and breccias (both clast and matrix supported) punctuate the sequence, and a number of intraclastic/microbreccia beds (grainstones) (e.g. beds 80, 108, 111; Fig. 11 ), grey in colour, alternate with the monotonous micrites. Pebble, boulder and grainstone levels make useful marker beds. These are variable in their grain sizes and textures, as noted in this region by Remane: units with coarse bases (e.g. beds 64, 71), 'floating' larger clasts in micrite (e.g. beds 71, 84, 104, 131), clast-supported beds (bed 87), and graded bedding (e.g. beds 52, 57, 64). Some of the thicker coarse-grained units mentioned above may be relatable to NW-SE submarine paleo-canyons that have been mapped in this region by Beaudoin and others (e.g. Joseph et al. 1988 ). Both Le Chouet and Charens lie inside one of the major canyons thus described, the Canyon de Ceuse. A range of slope and basinal settings have been postulated for Lower Berriasian sediments in the region, and origins as slumps, fans and channel fills have been suggested (e.g. Jan du Chęne et al. 1993) . Only the lower beds (7-8 m) (not discussed in detail in this account) here Fig. 2 . Micropaleontological analysis -quantification of calpionellids and accompanying microfossils sensu Bacelle & Bossellini (1965). show any appreciable argillaceous partings or thin beds, and therefore detectable indications of sedimentary rhythmicity.
Body fossils, apart from ammonites and aptychi, are rare; occasional isolated bivalves occur (common in a few beds), pygopid brachiopods have been noted, and common belemnites are found at one level (bed 103 
Calpionellids and calcareous dinoflagellatesmicrofacies analysis
Samples used for microfacies analysis were collected in several steps; an initial 60 samples were later augmented at critical levels, to a total of 85 samples from an interval of 20 metres, between bed 65 and bed 122. (Higher and lower stratigraphic levels have since been sampled and these are currently being evaluated.) Allochems and micrite have been studied under an optical microscope (LEICA DM 2500) and the percentage rations of organic detrital grains, bioclasts etc. calculated. The data obtained are shown in graphic form, a representation of their relative changes (Figs. 2 and 3) . Mi- Fig. 3 . Micropaleontological analysis -quantification of calpionellids and accompanying microfossils sensu Bacelle & Bossellini (1965) . crofossil markers and microfacies were documented using a LEICA DFC 290 HD camera. The thin sections are stored in the collections of the Department of Geology and Paleontology (Faculty of Natural Sciences) in Bratislava.
The sequence studied is composed of biomicrite limestones (mudstones to wackestones) intercalated with pelbiomicrite, pelbiomicrosparite (packstones) and biomicrobrecciated limestones (grainstones). Calpionellids, radiolarians, saccocomids and residual biodetrital fragments have been quantitatively evaluated using the optical charts of Bacelle & Bosellini (1965) . Intraclast fragments and saccocomids, crinoids, pellets and ooids were transported and resedimented, influenced probably by extensional pulses, synsedimentary erosion and/or eustatic fluctuations. Some intercalations bear the marks of storm sedimentation. Calpionellid and radiolarian curves are plotted on graphs (Figs. 2, 3) , and they show a decrease in the abundance of calcareous plankton correlated with an increase of silica-producing organisms, as previously documented (Reháková & Michalík 1994; Michalík et al. 2009 ).
Calpionellids in the studied samples are generally well-preserved. Hyaline forms dominate. The calpionellid biostratigraphical scale (standard calpionellid zones and subzones) as proposed by Remane et al. (1986) and Reháková & Michalík (1997) and the calcareous dinoflagellate succession sensu Reháková (2000) have been adopted. Two calpionellid zones are well recognized, the Crassicollaria Zone (with Remanei, Intermedia and Colomi Subzones) and the Calpionella Zone (Alpina Subzone) (Fig. 4) , with a less defined Chitinoidella Zone (Boneti Subzone) below.
Chitinoidella Zone, Boneti Subzone (sensu Borza 1984 and Grandesso 1977) This zone has been identified on the basis of a few, spaced, samples. In beds below the thick mass-flow unit of bed 64, calpionellids are less common. (Borza) (Fig. 6 .2), Colomisphaera carpathica (Borza) , Colomisphaera pieniniensis (Borza) (Fig. 5.3 ), Schizosphaerella minutissima (Colom), filaments, ostracods, crinoids, aptychi, Involutina sp., and rare Saccocoma sp. It is noteworthy that some of the calpionellids and dinocysts mentioned above (Colomisphaera pieniniensis and Stomiosphaera moluccana) have never previously been observed in Upper Tithonian units (Reháková 2000) , and Praetintinnopsella andrusovi has only been seen rarely (in the lower Crassicollaria Zone, with T. remanei and uncommon C. alpina). We surmise that they were re-sedimented.
Crassicollaria Zone, Intermedia Subzone (sensu Remane et al. 1986 ) -samples CH206-CH41
Biomicrite limestones have calpionellid-globochaete-radiolarian, calpionellid-radiolarian, radiolarian-calpionellid-globochaete, globochaete-calpionellid, calpionellid-globochaete and radiolarian-calpionellid microfacies (wackestones) makeups. It contains calcified radiolarians, sponges, globochaetes and diverse calpionellid associations including Calpionella Biomicrite limestones consist of calpionellid-globochaete, globochaete-calpionellid, calpionellid-radiolarian, radiolariacalpionellid, and calpionellid-radiolarian-globochaete microfacies (wackestones to packstones). In some layers, crassicollarians increase in abundance, and some of them have thin and aberrant loricas ( Fig. 8.5 ). Generally they contain frequent Crassicollaria parvula Remane, less common Crassicollaria massutiniana (Colom), rare Crassicollaria brevis Remane, Crassicollaria colomi Doben, Calpionella alpina Lorenz, Calpionella grandalpina Nagy, globochaetes, calcified radiolarians, fragments of planktonic Saccocoma sp., bivalves, ostracods, aptychi and infrequent cysts -Cadosina semiradiata fusca Wanner and Schizosphaerella minutissima (Colom) (Fig. 6.4) .
This interval also contains layers with marks of re-sedimentation. Several of them (samples CH31, were investigated under the microscope. Some have fragments of Saccocoma sp., and crinoids dominate over foraminifers, ophiuroids, globochaetes, calpionellids and dinoflagellate cysts. On the other hand, pelbioclastic limestones (grainstones, Fig. 8 .2) contain abundant pellets, globochaetes and the "acme" of the calpionellids Calpionella alpina Lorenz, Calpionella grandalpina Nagy, Calpionella elliptalpina Nagy (Fig. 5.6 ), Tintinnopsella carpathica (Murgeanu & Filipescu) (Fig. 8.3 ), Crassicollaria intermedia (Durand Delga) (Fig. 8.4 ), Crassicollaria massutiniana (Colom), Crassicollaria parvula Remane and Crassicollaria brevis Remane ( Fig. 5.7) . Many of the crassicollarian loricas are thin and deformed. Cadosina semiradiata fusca (Wanner), Schizosphaerella minutissima (Colom), calcified radiolarians, ostracods, crinoids, ophiuroids, bivalves, aptychi, agglutinated foraminifers and Saccocoma sp. are rare.
Calpionella Zone, Alpina Subzone (sensu Remane et al. 1986; Reháková & Michalík 1997; Lakova et al. 1999; Boughdiri et al. 2006 and Andreini et al. 2007 ) -samples CH101-CH1
Biomicrites (predominantly wackestones) in which the ratio of calpionellids, radiolarians and globochaetes determines the type of microfacies (calpionellid-globochaete-radiolarian, calpionellid-radiolarian (Fig. 7.1) , radiolarian-calpionellid, calpionellid-globochaete and globochaete-calpionellid ( Fig. 7.2) ). The Crassicollaria-Calpionella zonal boundary may be placed between 101 and the next sample below. Sample CH101 contains predominantly spherical forms of Calpionella alpina Lorenz (Fig. 8.1 ), two loricas of Crassicollaria parvula Remane, calcified radiolarians and sponges, globochaetes and very infrequent fragments of echinoids and ostracods. Higher up, in the samples of biomicrite wackestone, there are infrequent Crassicollaria brevis Remane, Calpionella grandalpina Nagy, cysts of Cadosina semiradiata fusca Wanner (Fig. 6 .5), Schizosphaerella minutissima (Colom), Colomisphaera carpathica (Borza) (Fig. 6.6 ), rare ostracods, bivalves, aptychi and filaments were observed. The stratigraphical range of the above mentioned calpionellids has thus far been seen as being limited to the Upper Tithonian (Reháková 2000) .
Crassicollaria parvula Remane increases in abundance in samples CH113, -15, and -112. Here rare fragments of planktonic crinoids, Saccocoma sp., were also identified. Borza (1984) , in a chart showing microfossil stratigraphic ranges, indicated that saccocomids never cross the J/K boundary. We confirm the same experience. Events of increased abundance of crassicollarians visible in some sections (Houša et al. 2004; Pruner et al. 2010 ) were interpreted as a Crassicollaria parvula "acme" zone ("CPAZ") or a potential "epibole". We suppose that this assemblage represented the Alpina Subzone of the standard Calpionella Zone of the Lower Berriasian (cf. Reháková & Michalík 1997 ), but it occasionally contains some older Crassicollaria, from Upper Tithonian limestones, incorporated into the micrite matrix of the Alpina Subzone. A more dynamic, more agitated, water-body regime in the Jurassic/Cretaceous boundary interval was documented by Olóriz et al. (1995) , and recently also by Grabowski et al. (2010a) , Michalík & Reháková (2011) and Reháková et al. (2011) .
Frequent intercalations composed of pelbiomicrites passing to pelbiomicrosparites/pelbiosparites and breccia layers (packstones to grainstones) were observed also in this part of the sequence (Fig. 7. 3). They usually contain abundant pellets, bioclasts and intraclasts, which contain spectra of typical Late Tithonian calpionellids (Fig. 6.6 ). The abundance of calpionellids and globochaetes in some of these intercalations is greater than the abundances visible in the biomicrite layers described above. Calpionella alpina Lorenz, Calpionella grandalpina Nagy, Tintinnopsella carpathica (Murgeanu & Filipescu), Crassicollaria massutiniana (Colom), Crassicollaria parvula Remane, Crassicollaria colomi Doben, and cysts of Cadosina semiradiata fusca Wanner, Schizosphaerella minutissima (Colom) and Colomisphaera sp. were recognized. Deformed crassicollarian . 2 -Pelbioclastic limestone (grainstone) with pellets, frequent calpionellids and rare benthic fragments (crinoids, bivalves, ophiuroids); Sample CH54. 3 -Tintinnopsella carpathica and common crassicollarians in pelbiomicrosparite limestone; Sample CH56. 4 -Crassicollaria intermedia in pelbiosparitic limestone in which Saccocoma sp., and benthic fragments dominated over rare calpionellids and globochaetes; Sample CH58. 5 -Biomicrite limestone of Calpionella-globochaete microfacies with common calpionellids. Some of the crassicollarian loricas are thin and aberrant; Sample CH61. 6 -Pelbiomicrosparite limestone with common Saccocoma sp., fragments of foraminifers, bivalves, ostracods and also rare calpionellids, cysts, radiolarians and globochaetes; Sample CH33. Scale bars in all figures are 100 µm.
GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 loricas are still present. Benthos is represented by crinoids, ophiuroids, echinoid spines, agglutinated foraminifers, Textularia sp., Lenticulina sp. and ostracods; there are also uncommon Saccocoma sp. (Fig. 7.3 ). Bioclasts coming from more shallow-water environments, such as Crescentiella morronensis (Crescenti) (Fig. 7.4) , Bacinella irregularis Radoičić, ooids (Fig. 7.5) , and fragments of bryozoans and algae, have also been identified.
The sequence studied is composed of Upper TithonianLower Berriasian limestones (peloidal wackestone/packstone, graded bioclastic grainstones, wackestones/packstones with ramp-derived intraclasts and bioclasts, marly limestones with intraclasts and limestone pebbles), sedimented in an outer ramp environment periodically influenced by storms/ or small-scale sea-level fluctuations, reflected in inputs of coarser materials. Fig. 9 . Selected nannofossil taxa. Scale bar represents 2 µm. 1 -Nannoconus sp. Side view (SV); Sample CH47. 2 -Nannoconus erbae; Sample CH45. 3 -Nannoconus globulus minor; Sample CH56. 4 -Nannoconus wintereri; Sample CH15. 5 -Nannoconus kamptneri minor; Sample CH15. 6 -Conusphaera mexicana minor; Sample CH203. 7 -Conusphaera mexicana mexicana; Sample CH101. 8 -Conusphaera mexicana mexicana; Sample CH37. 9 -Faviconus multicolumnatus; Sample CH204. 10 -Nannoconus steinmannii minor; Sample CH15. 11 -Pentalith; Sample CH45. 12 -Pentalith; Sample CH47. 13 -Hexalithus noeliae; Sample CH17. 14 -Microstaurus chiastius; Sample CH37. The approximate Jurassic/Cretaceous boundary, the onset of the Alpina Subzone of the standard Calpionella Zone, is located in sample CH101 (bed 100). There, globochaetes and calcified radiolarians dominate over medium-sized spherical forms of Calpionella alpina (accompanied by infrequent Crassicollaria parvula) in biomicrites of the calpionellid-radiolaria-globochaete microfacies. Thus, the base of the Alpina Subzone corresponds to that described by Remane et al. (1986) . Those authors noticed (but did not explain) the sudden rapid decrease in calpionellid abundance. A quantitative analysis of bio-elements shows that their decrease coincided with an increase of radiolarians. The upper part of the sequence, composed of wackestones, has yielded Early Berriasian taxa (Calpionella alpina, Crassicollaria parvula and Tintinnopsella carpathica). Pelbiomicrite/pelbiosparite and bioclastic intercalations show different spectra of redeposited bio-fragments. If compared with autochthonous deposits, their calpionellid associations (with double or triple abundances) are composed predominantly of spherical Calpionella alpina, with less frequent to common Crassicollaria parvula. Thus, the "acme" of calpionellids in this section represents a rather enriched taphocenosis, one linked with depositional dynamics resulting in the reworking and transport of sediments. This is also supported by the presence of ooids, agglutinated foraminifers, Bacinella irregularis Radoičić, Crescentiella morronensis (Crescenti) -elements typical of the shoals of inner ramp environments.
Comments on calpionellid stratigraphy
Microfacies, calpionellid associations and their distribution at the J/K boundary allow some comparisons between key sites. For instance, the interval at Le Chouet resembles those known from the Puerto Escaño section (Pruner et al. 2010 ) and the Caravaca, Rio Argos section (Michalík & Reháková 2011) . The calpionellids of the Bosso Valley section (Houša et al. 2004) show similarities with those at Brodno (Houša et al. 1999; Michalík et al. 2009 ). On the other hand, microfacies as well as calpionellid distribution at Torre de'Busi (Casellato et al. 2008 ) are very similar to those known from the Nutzhof section (Lukeneder et al. 2010 ).
Calcareous nannofossils
A total of 64 samples for calcareous nannofossil biostratigraphic investigation have been examined. Biostratigraphic analyses were performed on simple smear slides, prepared as follows: a small amount of rock material was powdered adding a few drops of bi-distillated water; the obtained suspension was mounted onto a microscope slide, covered with a slide cover and fixed with Norland Optical Adhesive, without centrifuging, ultrasonic cleaning or settling of the sediment -in order to retain the original composition. The smear slides were then inspected using a lightpolarizing microscope, at 1250 magnification. Calcareous nannofossils were documented using a MicroPublisher 5.0 RTV camera (Dept. Earth Sciences "A. Desio", Università degli Studi di Milano, Milan) and a LEICA DFC 290 HD camera (Dept. of Geology and Paleontology, Comenius University, Bratislava).
GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 In the samples studied, calcareous nannofossils are rare to common and very poorly to poorly preserved. They are affected by overgrowth and etching phenomena, and observed associations are often dominated by dissolution-resistant species (principally the genera Watznaueria, Cyclagelosphaera and Conusphaera) (Roth 1986 ). Nevertheless, the events suggested as useful in constraining the Jurassic/ Cretaceous boundary (Wimbledon et al. 2011 ) have been detected, namely the first occurrences of: N. wintereri (in bed 91; Fig. 9.4) , C. cuvillieri (bed 99; Fig. 9.15) and N. steinmannii minor along with N. kamptneri minor (bed 110; Fig. 9 .10 and Fig.  9 .5, respectively). A full list of the calcareous nannofossil taxa found in this study (genera, species and subspecies) is given below in an Appendix, in alphabetical order. The distribution of stratigraphically useful nannofossil taxa is shown in Figures 10 and 11.
Comments on calcareous nannofossil biostratigraphy
Calcareous nannofossil associations and their distribution in the J/K boundary interval at Le Chouet are consistent with calcareous nannofossil data reported from other key sites, such as Torre de'Busi, Brodno and Lokut. In particular, even though calcareous nannofossils are badly preserved, a few events present here have positions, relative to magnetozones and calpionellid zones, that are comparable to those at other localities. The first appearances of N. wintereri and C. cuvilleri are in the lower and lower-middle part of M19n, and the Crassicollaria Zone, respectively, as in the Torre de'Busi and Brodno sections. The first occurrences of N. steinmannii minor and N. kamptneri minor occur in the topmost part of the section, the uppermost part of M19n and Calpionella Zone, again consistent with data from Torre de'Busi and Lokut. Thus these events represent reliable data useful for long-range correlations, at least in low-latitude regions. The integrated results indicate that the first occurrences of N. wintereri, C. cuvillieri, N. steinmannii minor and N. kamptneri minor all occur in the Berriasella jacobi Subzone, a situation different to that previously reported by Bralower et al. (1989) , who showed N. wintereri and C. cuvillieri as first appearing in the uppermost part of the Durangites Zone. The nannofossil zonation of Casellato (2010) is applied in Fig. 18 . 
GEOLOGICA

Ammonites
The ammonite occurrences at Le Chouet are diverse. We have collected abundant material bed by bed, with 22 genera recognized, and our preliminary ammonite results provide a new biostratigraphical record for the Tithonian-Berriasian interval. Figure 12 shows the vertical ranges of ammonite taxa, with the exception of common haploceratid, lytoceratid and phylloceratid species. A more detailed account of the ammonite fauna (with new taxa) will be published later, but as a synthesis of first results, the following may be related. In summary, four successive faunal assemblages can be recognized.
Micracanthoceras microcanthum Zone
At Le Chouet, the Micracanthoceras microcanthum Zone (Upper Tithonian) may be clearly recognized, though its base cannot be fixed precisely due to the lack of specimens below bed 50. Alongside the ammonite index, M. microcanthum, Phylloceratina and Lytoceratina predominate below, but just above a thick breccia (bed 64), the assemblage is composed essentially of Paraulacosphinctes senoides Tavera and Moravisphinctes fischeri Kilian, whereas Micracanthoceras becomes scarce.
Our first results thus suggest a partition of the Microcanthum Zone, with the establishment of a Moravisphinctes fischeri Subzone at the top, with its base at bed 66. This is used as a replacement for the Transitorius Zone, as already suggested (Cecca et al. 1989) in the type area for the Ardescian, and by authors in other Mediterranean marginal areas (Benzaggagh & Atrops 1997) .
The last occurrence of the genus Moravisphinctes is located below the top of the Crassicollaria intermedia calpionellid Subzone. These results are in disagreement with findings from Morocco (Benzaggagh & Atrops 1997) , where Moravisphinctes spp. last occurs in the Remanei Subzone.
Recognition of a fauna indicating the Simplisphinctes Subzone at the base of M. microcanthum Zone has not been possible and this requires further study. Thus, the current understanding of the Microcanthum Zone is an interval between the first occurrence of the index species (sensu Benzaggagh & Atrops 1997) and the first appearance of the genus Protacanthodiscus (in bed 79), which marks the next ammonite biostratigraphic unit, a zonal boundary, in calpionellid terms, still within the Intermedia Subzone.
Protacanthodiscus andreaei Zone
In its first appearances, specimens of Protacanthodiscus gr. andreaei (Kilian) are few in number, and its acme is seen in beds 83 to 85: a similar pattern of distribution to that which has been observed in Spain (Olóriz & Tavera 1989) . The Protacanthodiscus gr. andreaei interval is a short one, whose top is affected by small-scale sedimentary reworking, though all within the lower part of the C. colomi Subzone.
The much-quoted "Durangites Zone" of the topmost Tithonian should be re-examined and perhaps abandoned because of the possibility that this genus may be endemic to the Mexican-Cuban region. Here we use a local index for the zone, Protacanthodiscus andreaei. The peak for P. andreaei coincides with the acme of Busnardoiceras, a common Lower Berriasian genus (first occurrence in bed 83), previously restricted by Le Hégarat to the B. jacobi and P. grandis Subzones. A new genus, Bougdiriella (type species B. chouetensis gen. and sp. nov., which we intend to describe separately) also appears in bed 82. This species has in the past usually been indentified as a Mediterranean "Durangites". We also intend to create a new genus, Ardesciella, for a group of Mediterranean species formerly assigned to Corongoceras, as suggested by Parent et al. (2011) . The richness of the ammonite fauna of the Andreaei Zone at the genus level is a good faunal marker for this interval on all the margins of the Mediterranean Tethys.
?Riasanites sp. and ?Praetollia in the Andreaei Zone are reported for the first time in southern France. Both have traditionally been seen as typical boreal genera (Mitta 2007 
Berriasella jacobi Subzone
The first "Berriasian" ammonite assemblage appears here one third of the way up the C. colomi calpionellid Subzone. Though the index species has not been recognized yet, we maintain a Berriasella jacobi Subzone, for stability of stratigraphic nomenclature. The base of the B. jacobi Subzone at Le Chouet is marked by an increase in the numbers of morphospecies of Dalmasiceras (see Fig. 12 ), as observed by Le Hégarat (1971) . This work provides the first recognition of the Eleanella cularensis horizon (Tavera et al. 1994 ) near the base of the B. jacobi Subzone. It is established that the base of the B. jacobi Subzone here does not correspond to the base of the calpionellid Alpina Subzone. In fact, none of the ammonite zonal boundaries correspond to any calpionellid boundaries. The grainstone-conglomerate-grainstone triplet that apparently coincides with the base of the Jacobi Subzone (Fig. 12) perhaps indicates some hiatus. However, the two massive breccias at lower levels, both with large angular clasts and irregular bases, may indicate more significant phases of erosion.
The boundary interval of the Tithonian-Berriasian generally shows clear losses at the family level, with the progressive decline of Himalayitidae in the highest Tithonian, replaced by berriasellids at the base of the Berriasian: what Wiedmann (1973) called the "the Tethysian boundary". As stated, this turnover is not synchronous with the Crassicollaria / Calpionella turnover used to define the base of the Alpina Subzone. The gap in phylogenetic knowledge and the GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 conglomerate bed (bed 87) complicate a perception of the magnitude of the ammonite turnover at Le Chouet. It is worth noting that other fossil groups pass this level with no change: no taxon of calpionellid or calcareous nannofossil appears or disappears in beds 86-88.
Magnetostratigraphy
The section at Le Chouet complies with our aims in three fundamental criteria, it has: (a) essentially continuous sedimentation, uninterrupted by marked diastems, (b) rich fossil associations (calpionellids, ammonites) allowing its detailed biostratigraphic division, and (c) rocks with magnetic properties that are favourable for reliable determination of paleomagnetic polarity.
Paleomagnetic properties of pilot samples
Our study has thus far concentrated on the pilot investigation of a 30 m-thick portion of the section of the limestone strata near the J/K boundary (beds 1-121). The average sampling density for the whole section is about three samples per metre of true stratal thickness.
Paleomagnetic measurements were performed in the Paleomagnetic Laboratory of the Institute of Geology, Prague. Remanent magnetization (RM) of the rocks was measured using a Liquid helium-free Superconducting Rock Magnetometer, type 755 4K SRM, and the magnetic susceptibility of the samples was measured using a KLY-4 Kappabridge (Jelínek 1966 (Jelínek , 1973 . The samples were demagnetized by alternate field (AF) in an Automatic Sample Degaussing System 2G600, reaching 100 mT. Thermal demagnetization (TD)
GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 was performed in a non-magnetic oven placed in a Magnetic Vacuum System (MAVACS). The ambient magnetic field in the cooling chamber of the MAVACS demagnetizer did not exceed 1 nT, owing to a built-in rotating-coil magnetometer controlling the currents in its Helmholtz coil system (Příhoda et al. 1989) . Processing of the output data, including, for instance, multicomponent analysis of the demagnetization path, was carried out using Remasoft 3.0 software (Chadima & Hrouda 2006) .
Each of the 91 samples studied was subjected to TD or AF demagnetization in 12-13 temperatures or fields. Of the 91 samples, 83 yielded reliable paleomagnetic directions. As a result, the individual components could be precisely established in the majority of samples using a multicomponent analysis of remanence (Kirschvink 1980) . Zijderveld diagrams and diagrams of normalized remanent values vs. labo- nent magnetization. The A-component is undoubtedly of viscous origin and is demagnetizable in the temperature range of 20-120 °C (or AF 0-10 mT); the B-component is also of secondary origin, but shows 'harder' magnetic properties, being demagnetizable in a temperature range of 120-240 °C (or AF 10-15 mT); the C-component is the most stable, being demagnetizable in an unblocking temperature-range of ca. 400-520 °C (or AF unblocking fields 20-60 mT).
The mean directions and dispersions of components were calculated using Fisher's statistics (Fisher 1953) and were displayed on a Wulf stereographic projection. They are marked either by infilled or empty crossed circles, with a confidence circle circumscribed around the mean direction at the 95% probability level. Both magnetic polarities are present in the C-component directions. Consequently, after tectonic correction, the mean direction for samples with 'normal' polarity is D = 317.7°, I = 48.1°, 95 = 2.5°, and for those with reverse polarity it is D = 132.6°, I = -33.7°, 95 = 10.2° (Fig. 14) . The paleolatitude (ca. 27°N) is in agreement with that obtained from the Berriasian type section (Galbrun 1985) . Paleodeclination at Le Chouet implies a counterclockwise rotation of ca. 20-30°, which must be attributed to a local tectonic effect. The resulting magnetostratigraphic profile is shown in Fig. 15 , displaying the following quantities: the modulus of natural remanent magnetization (M), volume magnetic susceptibility of samples in natural state (k), co-ordinates of the virtual pole position (VP longitude and VP latitude), and a discriminant function defining the polarity. Both the virtual pole position and the discriminant function are functions of the direction of the remanence C-component, and have been inferred by means of a multi-component analysis. As indicated in Fig. 15 , normal (N) and reverse (R) polarity intervals, magnetozones and submagnetozones, are clearly manifested in the interpreted values of VP longitude and VP latitude and a discriminant function defining the polarity (Man 2008) .
Low-field magnetic susceptibility (k) ranges from -12.0 to 5.6 10 -6 SI and the intensity of the natural remanent magnetization (NRM) varies between 0.018 and 1.145 10 -3 A/m. These data given in the magnetostratigraphic profile indicate a gradual decrease in magnetization, from the older to the younger rocks (Fig. 15 ). An obvious decrease in these values up sequence in the vicinity of the J/K boundary has also been observed at Brodno, in the Bosso Valley and at Puerto Escaño (Houša et al. 1999 (Houša et al. , 2004 Pruner et al. 2010) as well as in sections from the Tatra (Central Carpathians -Grabowski & Pszczółkowski 2006) and the Transdanubian mountains (Lókút section - Grabowski et al. 2010b ).
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Discussion of the main magnetostratigraphic results
The preliminary magnetostratigraphic investigation of the basal 30 m of the profile, the measurement of basic magnetic properties and the results of multi-component analysis of remanence of the J/K boundary limestones have yielded new information on the correlation of paleomagnetic events with biozones, and with events elsewhere in Tethys. Magnetozones N0-N2 and R1-R2 (Fig. 15 ) might be roughly correlated to the Global Polarity Time Scale (GPTS). The correlation between magnetostratigraphy and calpionellid zonation in the J/K boundary interval is reliably tested in more than 20 land sections (see Ogg & Lowrie 1986; Channell et al. 1987; Ogg et al. 1991; Houša et al. 1999; Pruner et al. 2010; Grabowski 2011) . Magnetozone N2, where the Crassicollaria/Calpionella zonal boundary is situated (see Fig. 16 ), must be correlated with magnetozone M19n (magnetosubzone M19n.2n). Reversed magnetozone R2 falls within the Crassicollaria Zone and should be interpreted as M19r. The sedimentation rate amounted to 10-15 m/Myr in the M19n-M19r interval. Magnetostratigraphic interpretation of the lower part of the section poses some problems. Bed 33 and approximately bed 60 belong to the Chitinoidella Zone. Magnetozone N1 might correspond to M20.1n, while N0 might be taken to be the topmost part of M20n.2n. However, interpretation of R1 as magnetosubzone M20n.1r is not straightforward. Its biostratigraphic position below the documented Chitinoidella Zone would deviate substantially from that in the Brodno and Puerto Escaño sections (there in the lowermost part of the Crassicollaria Zone -see Houša et al. 1999; Pruner et al. 2010) . It might be compared with the Bosso valley section, where M20n.1r does occur in the middle part of the Chitinoidella Zone (Houša et al. 2004 ). However, interpretation of the R1 polarity interval as M20n.1r would imply a very high sedimentation rate in the Chitinoidella Zone and lower Crassicollaria Zone, at almost 50 m/Myr: a great contrast with sedimentation rates calculated for the upper Crassicollaria and Alpina Zones. Alternatively, the interval N1 might be interpreted as the whole of magnetozone M20n, and R1 as M20r. However, R1 is apparently too thin to be M20r (ca. 1 m) and this would imply a dramatic decrease in the sedimentation rate -no more than 1.5 m/Myr. The next step in the paleomagnetic investigation will be a more refined determination of the magnetostratigraphic boundaries, with special emphasis on documentation of the short reversed magnetosubzones M20n.1r and M19n.1r. The average sampling density for the whole section should be GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 6, 437-460 Fig. 18 . Calibration of magnetozonal and biozonal (ammonite, calpionellid) boundaries and selected FADS for calcareous nannofossils at Le Chouet. Nannofossil zones follow . Grey in the magnetozone column indicates uncertain or mixed polarity.
about 5-8 per metre, with 20 or more samples per metre at critical levels such as zonal boundaries.
Rock magnetism
Basic rock magnetic investigations were performed for all the horizons sampled for magnetostratigraphy. They were carried out in the Paleomagnetic Laboratory of the Polish Geological Institute-National Research Institute and included measurements of mass normalized magnetic susceptibility (MS) and isothermal remanent magnetization (IRM) acquired in the field of 1 T along the Z-axis of the cylindrical specimen and then anti-parallel in the field of 100 mT. The S-ratio calculated as a ratio of IRM intensities acquired in both fields was an indicator of proportions of low and high coercivity minerals. Selected samples with contrasting S-ratios were subjected to stepwise IRM acquisition and thermal demagnetization of 3 axes IRM (acquired in the fields of 0.1 T, 0.4 T and 1.5 T in three perpendicular directions) in order to identify magnetic minerals by recognition of their unblocking temperature spectra (Lowrie 1990 ). The detailed results of a rock magnetic study will be presented in a future paper, thus they are summarized here only briefly.
Both low-and high-coercivity minerals are present throughout the section (Fig. 17) . The low-coercivity mineral is interpreted as magnetite, as its maximum unblocking temperature is between 550° and 600 °C. A high-coercivity mineral with maximum unblocking temperatures between 600°a nd 700 °C (hematite) is also present. Magnetite-dominated samples (like CH9PL in Fig. 17 ) contain the primary component C. Hematite-dominated samples (like CH22AL in Fig. 17 ) typically occur in brecciated and detrital horizons. Hematite does not carry any natural remanence, therefore it is most probably a product of secondary (diagenetic) oxidation.
Conclusion
We here calibrate calpionellid, nannofossil, ammonite and magnetostratigraphic data in this interval (Fig. 18) .
The base of the Calpionella Zone (Alpina Subzone) is located within M19n.2n, which is consistent with its position relative to magnetostratigraphy at, for instance, Puerto Escaño and Lókút, though not at Brodno (sensu Michalík et al. 2009 ). At Le Chouet, the base and top of the Andreaei Zone are within M19r, whereas at Puerto Escaño the "Durangites Zone" is reported as straddling M20n, M19r and the lowest part of M19n.2n.
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